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            O R I G I N A L   A R T I C L E  
KRATAK SADRŽAJ 
Uvod: Rizik jatrogene transmisije prion oboljenja je 
predmet sve veüe zabrinutosti u stomatologiji, jer je ovaj 
infektivni agens pokazao otpornost na konvencionalne 
procedure hemijske i termiþke dekontaminacije i 
sterilizacije.  
Cilj:  Cilj istraživanja je bio da se proveri efikasnost 
razliþitih metoda uklanjanja biološkog debrisa sa 
površina upotrebljavanih endodontskih instrumenata i da 
se predloži efikasan protokol þišüenja pre sterilizacije.
Materijal i metod: Osamdeset þetiri nova endodontska 
instrumenta je upotrebljeno za ruþnu obradu kanala korena na 
ekstrahiranim zubima radi akumulacije organskog debrisa. 
Instrumenti su podeljeni u 4 grupe i podvrgnuti razliþitim 
metodama dekontaminacije: mehaniþkom  þišüenju  þetkom i 
sunÿerom, hemijskom natapanju u NaOCl i enzimski þistaþ,
ultrazvuþnom tretmanu u vodi i dezinficijensu i kombinaciji 
najefikasnije mehaniþke, hemijske i ultrazvuþne metode. 
Instrumenti su zatim potapani u rastvor Van Gieson koji efikasno 
boji organsku materiju i posmatrani na svetlosnom mikroskopu. 
Rezultati: Procena efikasnosti je izvršena na osnovu 
koliþine rezidualne organske materije. Analizom rezultata 
parova metoda sliþnog efekta izraþunato je da postoji 
statistiþki znaþajna razlika izmeÿu efekta þišüenja þetkom 
i sunÿerom, ultrazvuþnog þišüenja u vodi i dezinficijensu, 
ali ne postoji znaþajna razlika izmeÿu efekta natapanja u 
NaOCl i enzimski þistaþ. Kombinovana metoda je 
pokazala statistiþki znaþajnu razliku u efikasnijem stepenu 
þistoüe u odnosu na sve druge metode. 
Zakljuþak: Najefikasniji protokol dekontaminacije 
endodontskih instrumenata se ostvaruje mehaniþkim 
þišüenjem u sunÿeru natopljenim hlor heksidinom, 
hemijskom natapanju u enzimski þistaþ i ultrazvuþnom 
þišüenja u odgovarajuüem dezinficijensu. 
Kljuþne reþi: Endodontski instrumenati, þišüenje, 
kontrola infekcije, biološki debris.  
SUMMARY    
Introduction: There is an increasing awareness of the risk of 
iatrogenic transmission of prion diseases, since this infective 
agent has shown resistance to conventional procedures of 
chemical and thermal decontamination and sterilisation.  
Aim: The aim of the study was to evaluate the effectiveness of 
different methods for biological debris removal from the   
surfaces of endodontic instruments and to suggest an efficient 
protocol for cleansing prior to sterilisation.  
Materials and Methods: Eighty four new endodontic instru-
ments were used for hand instrumentation of the root canals 
in extracted teeth in order to accumulate organic debris. The 
instruments were allocated to four groups and subjected to 
different methods of decontamination: mechanical cleansing 
with a brush and sponge, chemical dissolution in sodium   
hypochlorite (NaOCl) and enzyme cleanser, ultrasonic   
treatment in water and disinfectant and the combination of the 
most effective mechanical, chemical and ultrasonic methods. 
The instruments were stained in the Van Gieson solution 
which efficiently stains the organic component and then   
analyzed under a light microscope. 
Results: Effectiveness was evaluated based on the amount 
of residual organic material. The analysis of pairs of 
methods with similar effects showed significant differences 
between mechanical cleansing with a brush and sponge 
and ultrasonic treatment in water and disinfectant. No dif-
ference was found between treatments in NaOCl and en-
zyme cleanser. The combined method was significantly 
more efficient than the other methods.  
Conclusion:  The most efficient protocol for endodontic 
instrument decontamination consists of mechanical   
cleansing with a sponge soaked in chlor hexidine, 
 chemical treatment in the enzyme cleanser and ultrasonic 
treatment in an appropriate disinfectant.  
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Uvod  
Endodontski instrumenti za obradu i pripremu 
kanala korena zuba su opšte prihvaüeni kao instrumenti 
za višekratnu upotrebu. Kako je neophodno da se 
eliminišu sve veze u lancu kontaminacije, njihovo
þišüenje, dezinfekcija i sterilizacija predstavljaju davno 
ustanovljenu potrebu u stomatologiji. Procena prisustva 
rezidualnog biološkog debrisa na ovim instrumentima 
postaje znaþajna tema brojnih nauþnih studija. 
Rezidualni biološki debris može da ostane adheriran za 
njihovu površinu nakon standardnog procesa þišüenja i 
sterilizacije. Na taj naþin potencijalno infektivni 
materijal može da se prenese sa jednog na drugog 
pacijenta. Rizik jatrogene transmisije prion oboljenja je 
predmet sve veüe zabrinutosti u zdravstvu, jer je 
infektivni agens pokazao otpornost na konvencionalne 
hemijske i termiþke dekontaminacione procedure.
1
Segall i saradnici
2 su ispitivali ruþno  þišüenje turpija 
gazom i sunÿerima i došli do zakljuþka da su ove 
procedure  þišüenja neefikasne. Parashos i saradnici
3 su 
se bavili efektom natapanja instrumenata u razliþite 
rastvore pre izlaganja proceduri mehaniþkog ili 
ultrazvuþnog  þišüenja, pri þemu je ustanovljeno da 
efikasnost  þišüenja zavisi od vrste upotrebljenog 
medijuma, njegove koncentracije, vremena tokom koga 
su instrumenti podvrgnuti rastvoru, kao i prirode 
biološkog debrisa. Takoÿe, kod natapanja u odreÿene 
rastvore, postojao je rizik od korozije kanalnih 
instrumenata.
4
Stoga, izbor odgovarajuüih metoda pripreme 
endodontskih instrumenata za sterilizaciju, opravdava 
razvijanje efikasnog protokola þišüenja, sa ciljem 
dobijanja  þistih površina bez neorganskih i bioloških 
ostataka. 
Cilj  istraživanja je bio da se proveri efikasnost 
razliþitih metoda uklanjanja biološkog debrisa sa 
površina upotrebljavanih endodontskih instrumenata i da 
se predloži efikasan protokol þišüenja pre sterilizacije. 
Materijal i metod 
Osamdeset þetiri novih instrumenata, proširivaþa,
turpija i Hedström turpija od nerÿajuüeg þelika i turpija i 
Hedström turpija od nikl-titanijuma je uzeto iz 
originalnih pakovanja i podvrgnuto ultrazvuþnom 
þišüenju da bi se oslobodili neorganskog debrisa.  
Instrumenti su korišüeni za ruþnu obradu kanala 
korena  ex vivo na ekstrahiranim zubima radi 
akumulacije organskog debrisa na njihovoj površini. Svi 
instrumenti su þuvani na endodontskom stalku u 
hermetiþki zatvorenim kutijama dok nisu podvrgnuti 
procesima þišüenja. 
Introduction 
  Endodontic instruments for root canal preparation 
are generally accepted as instruments for repeated use. 
Considering the need to eliminate all possible links in 
the chain of contamination, their cleansing, disinfection 
and sterilisation are well known requirements in 
dentistry.  Evaluation  of  the  presence  of  residual        
biological debris on these instruments has become an 
important subject of many scientific studies. Residual 
biological debris may remain adhered to the surface of 
endodontic instruments after the standard procedure of 
cleansing and sterilisation. In this way, potentially     
infective material may be transmitted from one patient to 
another. There is an increasing awareness of the risk of 
iatrogenic transmission of prion diseases, since this   
infective agent has shown resistance to conventional 
procedures of chemical and thermal decontamination 
and sterilisation.
1 Segall et al.
2 have investigated manual 
cleansing  of  files  using  gauzes and  sponges  and        
concluded that these methods are inefficient. Parashos et 
al.
3 have studied the effect of soaking instruments in 
different solutions prior to mechanical or ultrasonic 
cleansing and reported that the efficiency of these       
methods depended on the type of medium, its         
concentration, time and the nature of biological debris.       
Furthermore, there was a risk of corrosion of endodontic 
instruments associated with certain solutions.
4
  Therefore, the need for appropriate methods for 
the preparation of endodontic instruments for   
sterilisation justifies the development of an efficient 
cleansing protocol, aimed at achieving clean surfaces 
without organic or inorganic residues.  
 The  aim of the study was to evaluate the   
efficiency of different methods for biological debris 
removal from the surfaces of endodontic instruments and 
to suggest an  efficient protocol for cleansing prior to 
sterilisation.   
Materials and methods 
Eighty four new instruments, stainless steel K 
reamers, files and Hedström files and NiTi files and     
Hedström files, were taken from original packages and 
subjected to ultrasonic treatment to remove inorganic 
debris.  
  The instruments were used for hand root canal 
preparation  ex vivo on extracted teeth in order to             
accumulate organic debris on instrument surfaces. All 
instruments  were  kept  in  an  endodontic  stand  in         
hermetically sealed boxes prior to cleansing procedures.  90        Stom Glas S, vol. 55, 2008 
Instrumenti su podeljeni u þetiri podgrupe i 
podvrgnuti razliþitim metodama þišüenja: 
I podgrupa: Dvadeset þetiri instrumenata je 
podvrgnuto mehaniþkom  þišüenju: 12 þetkom i 12 
sunÿerom natopljenim u hlorheksidin glukonat. 
II podgrupa: Dvadeset þetiri instrumenata je 
tretirano hemijski: 12 natapanjem u natrijum-hipohlorit i 
12 u enzimski þistaþ u trajanju od 10 minuta. 
III podgrupa: Dvadeset þetiri instrumenata je 
tretirano ultrazvukom u dva razliþita medijuma: 12 u 
vodi i 12 u dezinficijensu,  u trajanju od 15 minuta. 
IV podgrupa: Dvanaest instrumenata je tretirano 
kombinacijom najefikasnije mehaniþke, hemijske metode 
i ultrazvuþnog þišüenja pre postavljanja u sterilizator. 
U istraživanju je korišüen enzimski þistaþ Instruton E 
(Antiseptica, GmbH), koji se koristi kao opšti þistaþ
instrumenata. Sadrži proteaze, amilaze, tkivne rastvaraþe i 
inhibitor korozije. Kao dezinficijens u ultrazvuþnom 
kupatilu korišüen je Orocid Multisept plus (“OCC“ 
Switzerland). 
Procena efikasnosti upotrebljenih metoda þišüenja 
obavljena je na osnovu koliþine rezidualnog debrisa 
primenom metodologije Linsuwanont-a i saradnika
5.
Instrumenti su potapani u rastvor Van Gieson (koga 
hemijski þine 1% vodeni rastvor kiselog fuksina i zasiüeni 
vodeni rastvor pikrinske kiseline, i koji ima svojstvo da 
efikasno boji kolagen u crveno-narandžastu boju) u trajanju 
od 3 minuta, ispirani u destilovanoj vodi i osušeni na 
endodontskom stalku. Seþivni delovi instrumenata su 
posmatrani na svetlosnom mikroskopu radi uoþavanja 
koliþine obojenog rezidualnog biološkog materijala. 
Na osnovu morfoloških karakteristika rezidualni 
debris je kategorizovan kao obojeni debris (skupina 
materijala na površini instrumenta koja se boji crveno ili 
narandžasto potapanjem u rastvor Van Gieson), organski 
film (tanak bestukturni sloj koji pokriva deo površine 
instrumenta i boji se crveno), neobojeni debris (fine 
partikule koje ne pokazuju ni crvenu ni narandžastu 
prebojenost posle procedure bojenja) ili þista površina.
Na osnovu koliþine, rezidualni debris je ocenjivan 
ocenama 0 (þista površina bez ikakvog debrisa), 1 (samo 
prisustvo organskog filma), 2 (neznatna prebojenost u 
vidu pojedinaþnih, retkih partikule debrisa, rasutih po 
površini radnog dela instrumenta), 3 (srednja 
prebojenost, organske partikule koje prekrivaju površinu 
instrumenta u vidu kontinuiranog pokrivaþa) i 4 (izrazita 
prebojenost sa poljima na instrumentima gde su žlebovi 
radnih površina potpuno ispunjeni debrisom). 
Kategorizacija debrisa je bazirana na proceni 
biološkog rizika. Obojeni materijal je shvaüen kao faktor 
biološkog rizika, tako da je bio svrstan ispred neobojenog 
debrisa, za koga se pretpostavlja da nije biološkog 
porekla.  
The instruments were allocated to 4 subgroups 
and subjected to different cleansing procedures: 
Subgroup I: Twenty four instruments were mechanically 
cleaned: 12 with a brush and 12 with a sponge soaked in 
chlor hexidine gluconate. 
Subgroup II: Twenty four instruments were treated 
chemically: 12 were immersed in NaOCl and 12 in   
enzyme cleanser, for 10 min.  
Subgroup III: Twenty four instruments were treated 
ultrasonically: 12 in water and 12 in disinfectant, for 15 
min. 
Subgroup IV: Twelve instruments were treated using a 
combination of the most efficient mechanical, chemical 
and ultrasonic methods prior to sterilisation.  
  In the present study, Instruton E (Antiseptica, 
GmbH) enzyme cleanser was used since it is used as a 
general instrument cleanser. It contains proteases,       
amylases, tissue solvents and a corrosion inhibitor.   
Orocid Multisept plus (OCC, Switzerland) was used as 
an ultrasonic disinfectant.  
  Evaluation of the effectiveness of the listed   
cleansing methods was based on the amount of residual 
debris and was performed using the methodology of 
Linsuwanont et al.
5
  The instruments were immersed in the Van     
Gieson solution (1% aqueous solution of acid fucsin and 
saturated  aqueous  solution  of  picric  acid,  which      
efficiently stains collagen red and orange) for 3 min, 
rinsed in distilled water and dried on the endodontic 
stand. Cutting flutes were examined under the light 
microscope to determine the amount of stained residual 
biological material.  
  Based on morphological characteristics, residual 
debris was categorized as stained debris (red or orange 
aggregates on the instrument surface), organic film 
(thin, red, amorphous layer covering a part of the         
instrument), unstained debris (fine particles not stained 
red or orange) or clean surface. 
  Based on the amount, residual debris was scored 
as 0 (clean surface without any debris), 1 (organic film), 
2 (slight staining in the form of singular debris particles 
scattered on the instrument surface), 3 (moderate     
staining, organic particles covering the instrument     
surface as a continuous layer) and 4 (high staining with 
some cutting parts covered completely with debris).  
  Debris  categorization  was  based  on  the          
assessment of biological risk. Stained material was     
considered as a factor of biological risk and, therefore, 
classified ahead of unstained debris, which was assumed 
to be of non-biological origin.  Serbian Dental J, 2008, 55    91
Instrumenti su posmatrani na uveüanju ×4 i ×10 i 
na tri nivoa: apikalnom, srednjem i koronarnom. Na 
svakom nivou, uzorci su ispitani sa þetiri strane, 
postupnom rotacijom za 90
0, tako da je svaki uzorak 
imao dvanaest merenja, što je obuhvatilo þitavu seþivnu 
regiju instrumenta. Rezultati svih položaja su sabrani. 
Minimalna vrednost je bila 0 (nema prisustva organskog 
materijala), a maksimalna je bila 48 (sve površine su bile 
jako kontaminirane debrisom). Izraþunata je srednja 
vrednost za svaki instrument, a zatim je preraþunata u 
procentualnu srednju vrednost maksimuma  biološke 
kontaminacije (%MBC vrednost). 
Rezultati 
Od ukupnog broja instrumenata na kojima je ispitivano 
prisustvo rezidualnog debrisa (84 instrumenta), 6 instrumenata 
je ocenjeno ocenom 3, 38 ocenom 2, 36 ocenom 1, dok su 
ocenom 0 ocenjena 4 instrumenta  (Tabela 1).  
The instruments were assessed under x4 and x10 
magnification  on  three  levels:  apical,  middle  and     
coronal. On every level, the specimens were analyzed 
from four sides, using slow rotation of 90°, so there were 
12 measurements for each specimen covering the entire 
cutting surface of the instrument. All measurements 
were added. The minimal value was 0 (no organic   
material present) and maximum was 48 (all surfaces 
were highly contaminated with debris). Mean values 
were calculated for each instrument and converted to the 
mean percentage of maximum biological contamination 
(%MBC value).  
Results 
Out of the total number of instruments (84), 6 
instruments were given score 3, 38 score 2, 36 score 1 
and 4 score 0 (Table 1). 
Tabela 1. Rezultati razliþitih metoda þišüenja biološkog debrisa. 
Table 1. The results of different methods for cleasnsing biological debris. 
Rezultat þišüenja  Sredstvo za 
þišüenje  0 1 2 3  Ukupno 
ýetka  0 (0.00%)  0 (0.00%)  6 (7.14%)  6 (7.14%)  12 (14.29%) 
Sunÿer  0 (0.00%)  0 (0.00%)  12 (14.29%)  0 (0.00%)  12 (14.29%) 
NaOCl  0 (0.00%)  6 (7.14%)  6 (7.14%)  0 (0.00%)  12 (14.29%) 
Enzim  0 (0.00%)  5 (5.95%)  7 (8.33%)  0 (0.00%)  12 (14.29%) 
Uzþ voda  0 (0.00)  5 (5.95%)  7 (8.33%)  0 (0.00%)  12 (14.29%)  
Uzþ dez.  0 (0.00%)  12 (14.29%)  0 (0.00%)  0 (0.00%)  12 (14.29%) 
Komb. met.  4 (4.76%)  8 (9.52%)  0 (0.00%)  0 (0.00%)  12 (14.29%) 
Ukupno  4 (4.76%)  36 (42.86%)  38 (45.24%)  6 (7.14%)  84 (100.00%) 
Podgrupa instrumenata koja je ruþno  þišüena 
þetkom pokazala je najviši stepen rezidualne 
kontaminacije. Od 12 instrumenata, po 6 je ocenjeno 
ocenom 2 i ocenom 3 (Slika 1). 
Subgroup I, manual mechanical cleansing with a 
brush, showed the highest level of residual   
contamination. Out of 12 instruments, scores 2 and 3 
were given to 6 instruments each (Figure 1). 
Slika 1. Površina ruþno þetkane nikl-titanijum turpije, na kojoj 
se uoþava rezidualni organski debris (ocena 3). 
Figure 1. The surface of a manually brushed nickel-titanium 
file with visible residual organic debris (score 3).92        Stom Glas S, vol. 55, 2008 
Podgrupa instrumenata podvrgnuta þišüenju 
sunÿerom natopljenim hlorheksidinom je pokazala niže 
vrednosti ocena biološke kontaminacije u poreÿenju sa 
ruþnim  þetkanjem. Svih 12 instrumenata je imalo   
ocenu 2 (Slika 2).  
Hemijska metoda natapanja instrumenata u 
natrijum hipohlorit je pokazala efikasnost ocenama 1 i 2 
jednako zastupljenim u okviru podgrupe sa po 6 
instrumenata (Slika 3).  
Efikasnost natapanja instrumenata u enzimski 
þistaþ je bila sliþna efikasnosti kod prethodne podgrupe. 
Sedam instrumenata je ocenjeno ocenom 2 i 5 
instrumenata ocenom 1 (Slika 4).  
Subgroup I, manual mechanical cleansing with a 
sponge soaked in NaOCl, showed lower scores of           
biological contamination compared to manual brushing. 
All 12 instruments were given score 2 (Figure 2). 
Slika 2. Proširivaþ od nerÿajuüeg þelika oþišüen sunÿerom 
natopljenim hlor heksidinom, sa rezidualnim partikulama 
dentinskog debrisa na metalnoj površini (ocena 2). 
Figure 2. A stainless steel reamer cleansed by a sponge soaked 
in chlor hexidine with residual particles of dentine debris on 
the metal surface (score 2).
Chemical immersion in NaOCl resulted in scores 
1 and 2 equally given to 6 instruments each (Figure 3). 
Slika 3. Partikule dentinskog debrisa i organskog filma na 
površini Hedström turpije od nerÿajuüeg þelika hemijski 
tretirane u natrijum-hipohloritu (ocena 2). 
Figure 3. Particles of dentine debris and organic film on the 
surface of a stainless steel Hedström file, chemically treated  
in NaOCl (score 2). 
Similar effectiveness was observed for immersion 
in the enzyme cleanser. Seven instruments were given 
score 2 and 5 were given score 1 (Figure 4). 
Slika 4. Nikl-titanijum turpija posle natapanja u enzimski  
þistaþ ukazuje na prisustvo rezidualnog organskog debrisa 
na površini radnog dela (ocena 2). 
Figure 4. A nickel-titanium file after immersion in enzyme 
cleanser with residual organic debris on the working area 
(score 2).Serbian Dental J, 2008, 55    93
Podgrupa instrumenata oþišüena u ultrazvuþnom 
kupatilu gde je kao teþni medijum korišüena voda je 
ocenjena ocenom 2 za 7 instrumenata i ocenom 1 za 5 
instrumenata (Slika 5). 
Ultrazvuþno  þišüenje u dezinficijensu je imalo 
niže ocene biološkog debrisa u odnosu na prethodnu 
podgrupu jer je svih 12 instrumenata ocenjeno ocenom 1 
(Slika 6).  
Na osnovu najnižih ocena pojedinaþnih metoda 
dekontaminacije prethodnih podgrupa, izvedena je 
kombinovana metoda. Osam instrumenata je ocenjeno 
ocenom 1, a 4 ocenom 0 (Slika 7). 
Seven instruments cleansed ultrasonically in 
  water were given score 2 and 5 were given score 1   
(Figure 5).  
Slika 5. Organski film na površini turpije od nerÿajuüeg þelika 
posle tretmana u ultrazvuþnom kupatilu sa vodom (ocena 1). 
Figure 5. Organic film of the surface of a stainless steel file 
after the treatment in the aqueous ultrasonic bath (score 1). 
Ultrasonic cleansing in disinfectant resulted in 
lower scores compared to the previous group as all 12 
instruments were scored 1 (Figure 6).  
Slika 6. Turpija od nikl-titanijuma, sa rezidualnim organskim 
filmom na površini radnog dela posle ultrazvuþnog þišüenja u 
dezinficijensu (ocena 1). 
Figure 6. A nickel-titanium file with residual organic film on 
the working surface after ultrasonic cleansing in the 
disinfectant (score 1). 
Based on the lowest scores for individual methods of 
decontamination, a combined method was designed. 
Eight instruments were given score 1 and 4 were given 
score 0 (Figure 7). 
Slika 7. ýista površina proširivaþa od nerÿajuüeg þelika 
dekontaminiranog kombinovanom metodom (ocena 0). 
Figure 7. Clean surface of a stainless steel reamer 
decontaminated using the combined method (score 0).94        Stom Glas S, vol. 55, 2008 
U tabeli 1 su prikazani rezultati þišüenja u odnosu 
na upotrebljeno sredstvo. U pokušaju odabiranja 
najadekvatnije metode, testirani su prvo parovi sredstava 
sliþnog efekta radi odabiranja efikasnijeg, a potom je 
izvršeno testiranje kombinovane metode u odnosu na 
efikasniji metod od prethodnih parova. Izraþunato je da 
postoji statistiþki znaþajna razlika izmeÿu efekta þišüenja 
þetkom i sunÿerom (F
2=5.56 p<0.05), ultrazvuþnog 
þišüenja vodom u odnosu na ultrazvuþno  þišüenje u
dezinficijensu (F
2=9.88 p<0.05), ali ne postoji statistiþki 
znaþajna razlika izmeÿu efekta natapanja u natrijum-
hipohlorit i enzimski þistaþ (F
2=0.17 p>0.05  n.s.).  
Kombinovana metoda pokazala je statistiþki 
znaþajnu razliku u postignutom stepenu þistoüe u odnosu 
na sve druge metode:  komb met : sunÿer (F
2=24.00 
p<0.05), komb met :  enzim (F
2=0.29 p<0.05) i  komb 
met : uzþ dez  (F
2=4.80 p<0.05). 
Efikasnost pojedinih metoda dekontaminacije je 
prikazana i kroz proseþnu vrednost procenta maksimuma 
biološke kontaminacije (%MBC). 
Instrumenti podgrupe 1, dekontaminirani ruþnim 
þetkanjem, su pokazali najviše vrednosti %MBC koji je 
iznosio 54.17% za one sa ocenom 3 i 46.88% za one sa 
ocenom 2. Srednja vrednost maksimuma biološke 
kontaminacije za celu podgrupu je iznosila 50.52%. 
Podgrupa 1, oþišüena sunÿerom natopljenim u hlorheksidin, 
je pokazala nešto niže vrednosti. S obzirom da su svi 
instrumenti imali ocenu 2, vrednost %MBC je imao 
vrednost 38.02%. Natapanje instrumenata podgrupe 2 u 
NaOCl je pokazalo vrednosti %MBC od 24.65% za 
instrumente sa ocenom 2 i 21.88% za one sa ocenom 1. Na 
nivou cele podgrupe proseþni %MBC je iznosio 23.26%. 
Instrumenti podgrupe 2, natapani u enzimski þistaþ, su imali 
vrednost %MBC od 26.49% kod instrumenata sa ocenom 2 i 
22.92% kod onih sa ocenom 1. Srednja vrednost za celu 
podgrupu je iznosila 25.00%. Kod instrumenata podgrupe 3,
tretiranih u ultrazvuþnom kupatilu sa vodom, izraþunata je 
vrednost %MBC od 28.57% za ocenu 2 i 24.17% za ocenu 
1. Na nivou cele podgrupe proseþni %MBC je iznosio 
26.74%. Dekontaminacija instrumenata podgrupe 3 u 
ultrazvuþnom kupatilu sa dezinficijensom je rezultirala 
dobijanjem ocene 1 na nivou cele podgrupe, tako da je 
izraþunata srednja vrednost %MBC 14.76% za celu 
podgrupu. Primena kombinovane metode dekontaminacije 
kod instrumenata podgrupe 4 je imala najniže vrednosti 
procenta maksimuma biološke kontaminacije  za ocenu 1 
izraþunata je vrednost 5.73%. S obzirom da je površina 4 
instrumenta ocenjena kao þista sa vrednošüu 0, proseþna 
vrednost %MBC za celu grupu je iznosila 3.82% (Tabela 2). 
Table 1 presents cleansing results with   
respect to the applied method. In an attempt to 
choose the most efficient method, pairs of similar 
methods were compared to find more efficient ones 
and then the combined method was tested against 
the more efficient pair of all previous pairs of 
methods. There was a significant difference   
between cleansing effects of brush and sponge 
(Ȥ
2=5.56, p<0.05), ultrasonic in water and   
disinfectant (Ȥ
2=9.88, p<0.05), but not between 
immersion in NaOCl and the enzyme cleanser 
(Ȥ
2=0.17, p>0.05, n.s.).  
  The combined method showed statistically 
significant difference in its efficiency compared to 
all other methods: comb.method vs. sponge 
(Ȥ
2=24.00, p<0.05), comb.method vs. enzyme 
(Ȥ
2=0.29, p<0.05) and comb.method vs.   
ultras.disinf. (Ȥ
2=4.80, p<0.05). 
  The effectiveness of decontamination   
methods is also presented as %MBC. 
  The instruments from subgroup I, 
decontaminated by manual brushing, showed the 
highest %MBC values (54.17% for those with score 3 
and 46.88% for those with score 2). The mean value 
for the entire subgroup was 50.52%. Subgroup 1, 
cleansed with the sponge soaked in chlor hexidine, 
showed slightly lower values. Since all instruments 
were given score 2, %MBC value was 38.02%.     
Immersion of instruments in NaOCl in subgroup II 
resulted in the %MBC value of 24.65% for   
instruments with score 2 and 21.88% for those 
with score 1. For the entire subgroup, the mean 
%MBC value was 23.26%. Instruments in subgroup 
II,    immersed in enzyme cleanser, had the %MBC 
value of 26.49% for instruments with score 2 and 
22.92% for those with score 1. The mean value for 
the whole subgroup was 25.00%. Instruments in 
subgroup III, treated in  aqueous ultrasonic bath, 
had the %MBC value of 28.57% for score 2 and 
24.17% for score 1. For this subgroup the mean 
%MBC value for 26.74%. Decontamination in   
ultrasonic bath and disinfectant resulted in score 1 
for the whole subgroup and the %MBC value of 
14.76%. The   combined method of decontamina-
tion resulted in the lowest values of %MBC 5.73% 
for score 1. Since the surfaces of 4 instruments 
were given score 0, the %MBC value for the entire 
subgroup was 3.82% (Table 2). Serbian Dental J, 2008, 55    95
Tabela 2. Proseþne vrednosti %MBC posle þišüenja razliþitim metodama. 
Table 2. The mean values of %MBC after cleansing with different methods. 
Rezultat þišüenja  Sredstvo za 
þišüenje  0 1 2 3  Ukupno 
ýetka     46.88±3.67  54.17±2.28  50.52±4.79 
Sunÿer     38.02±2.53  38.02±2.53 
NaOCl   21.88±2.87  24.65±2.77  23.26±3.06 
Enzim   22.92±2.08  26.49±2.32  25.00±2.81 
Uzþ  voda   24.17±1.14  28.57±1.57  26.74±2.64 
Uzþ  dez.   14.76±1.88    14.76±1.88 
Komb met  0.00±0.00  5.73±2.16      3.82±3.30 
Ukupno 0.00±0.00  16.38±7.12  33.44±8.26  54.17±2.28  26.02±14.41 
Proseþne vrednosti %MBC posle þišüenja razliþitim
sredstvima su testirane analizom varijanse i izraþunata je 
vrednost  F= 79.577 koja je statistiþki znaþajna (p < 0.05). 
Post hok testom je ustanovljeno da se sve proseþne vrednosti  
po oceni þistoüe meÿusobno razlikuju. 
Diskusija 
Iako postoje znaþajni dokazi da se endodontski 
instrumenti mogu sterilisati þak i u prisustvu biološke neþistoüe, 
þišüenje instrumenata radi uklanjanja mikroorganizama i 
biološkog optereüenja efikasno eliminiše veüinu 
mikroorganizama.
6,7,8 U literaturi postoji vrlo malo podataka o 
efikasnom protokolu þišüenja za stomatološke, a posebno 
endodontske instrumente. U ovoj studiji su u progresivnom 
razvoju konaþnog protokola pojedinaþno analizirani rezultati u 
praksi najþešüe primenjivanih mehaniþkih, hemijskih i 
ultrazvuþnih metoda. U cilju izvoÿenja efikasnog protokola 
dekontaminacije instrumenata, najpre su testirani rezultati 
parova metoda sliþnog efekta.  
Poreÿenjem rezultata þišüenja dveju mehaniþkih 
metoda manuelnog þišüenja  þetkom i þišüenja sunÿerom 
natopljenim hlor heksidinom, dokazano je znaþajno 
efikasnije þišüenje sunÿerom. Visoke vrednosti koeficijenta 
maksimuma biološke kontaminacije kod instrumenata 
þišüenih  þetkom se mogu objasniti specifiþnim dizajnom 
instrumenata. S obzirom da se duboki, uzani žlebovi pružaju 
spiralno duž instrumenata, a tehnika þišüenja izvodi 
pokretima paralelnim sa uzdužnom osom instrumenta, 
vlakna ne mogu proüi kroz sve žlebove. Ovakva procedura 
se najþešüe obavlja “na suvo”, pa postoji opasnost od uboda 
tokom rada. Adekvatno izvoÿenje ove tehnike oduzima 
dosta vremena što može biti nepraktiþno za primenu u 
svakodnevnoj praksi, a efikasnost u velikoj meri zavisi od 
posveüenosti osoblja.
3 Linsuwanont i saradnici
5 su pokazali 
da mehaniþko þišüenje uklanja znaþajnu koliþinu debrisa, ali 
nije u moguünosti da u potpunosti oþisti instrumente.  
The mean % MBC values for different cleansing 
methods were analyzed using the analysis of variance 
and  the  resultant  value  F=79.577  showed  a  statistical        
significance (p<0.05). Post hoc test confirmed that mean 
values for all methods differed between each other.  
Discussion  
  Even though there is evidence that endodontic 
instruments may be sterilised in the presence of         
biological impurities, instrument cleansing to remove 
microorganisms and biological remnants efficiently 
eliminates the majority of microorganisms.
6-8 There is 
a limited amount of data in the literature regarding 
efficient protocols for cleansing dental, especially 
endodontic,  instruments.  In  the  present  study,          
individual  mechanical,  chemical  and  ultrasonic     
methods were analyzed progressively toward the final 
protocol. Initially, the pairs of similar methods were 
tested in order to define the most efficient protocol for 
instrument decontamination.   
  Comparison of the mechanical methods –       
manual brushing and cleansing with a sponge soaked 
in chlor hexidine, revealed significantly more effi-
cient cleansing using the sponge. High %MBC values 
for brushed instruments may be explained by the spe-
cific design of the instruments. Since both the flutes 
are oriented parallel to the long axis of the instrument 
and the cleansing technique requires parallel motion, 
the  fibres  cannot  reach  all  instrument  surfaces.             
Furthermore, there is a risk of injury during this         
procedure. Much time is required for practicing this 
technique adequately which may be impractical for 
everyday practice and the efficiency depends largely 
on staff commitment.
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Niže vrednosti koeficijenta maksimuma biološke 
kontaminacije kod instrumenata dekontaminiranih pomoüu
sintetiþkog sunÿera natopljenog u hlor heksidin su 
postignute zahvaljujuüi tome što su sve strane instrumenta u 
toku rada zahvaüene sunÿerastom masom. Korišüenje 
sunÿera je bezbednije, jer operator ne dolazi u direktan 
kontakt sa oštrim delovima instrumenata. Njegova svrha nije 
samo u þišüenju, veü i u  vlažnom þuvanju. Vlažno þuvanje 
instrumenata posle kliniþke upotrebe je osnova za efikasno 
þišüenje, tako da upotreba sunÿera natopljnog u hlor 
heksidin obezbeÿuje zadovoljavajuüi stepen inicijalnog 
þišüenja.
3,5,9,10
Analizom rezultata hemijskog natapanja 
instrumenata u natrijum hipohlorit i enzimski þistaþ nije 
uoþena znaþajna razlika u efikasnosti uklanjanja rezidualnog 
biološkog debrisa. U izvoÿenju krajnjeg protokola 
dekontaminacije data je prednost enzimskom deterdžentu. U 
poslednje vreme se u velikoj meri preporuþuju za þišüenje 
medicinskih instrumenata jer enzimi i tkivni rastvaraþi
pomažu u uklanjanju proteina, lipida i ugljenih hidrata sa 
njihovih površina.
11 Pored toga, sadrže i inhibitore korozije i 
zbog toga im se daje prednost u odnosu na natrijum-
hipohlorit.
3,10,12
Natrijum hipohlorit je korozivan za mnoge metale i 
selektivno uklanja nikl sa nikl-titanijum legure. Ukoliko se 
koristi kao dezinfekciono sredstvo pri þišüenju endodontskih 
instrumenata od nikl-titanijuma, može da dovede do mikro-
taþkaste korozije. Busslinger i saradnici
13 su utvrdili 
merljivo oslobaÿanje titana kada su NiTi turpije potopljene u 
NaOCl rastvor 30 ili 60 minuta. Haikel i saradnici
14 nisu 
otkrili nikakvo znaþajno dejstvo na NiTi turpije nakon što su 
one bile podvrgnute tretmanu natrijum hipohloritom 12 ili 
48 sati. Sa druge strane, Stokes i saradnici
15 su opisali 
taþkastu koroziju na površini instrumenata nakon sat 
vremena potapanja u 5.25% NaOCl. Stepen korozije je bio 
mali, ali je varirao meÿu razliþitim tipovima instrumenata i 
kod razliþitih proizvoÿaþa.
Poreÿenjem rezultata þišüenja kod dve ultrazvuþne 
metode u vodi i dezinficijensu, dokazana je znaþajna 
efikasnost ultrazvuþnog  þišüenja u dezinficijensu. Ovo 
istraživanje je pokazalo da je korišüenje ultrazvuka važan 
korak u þišüenju instrumenata što se podudara sa studijama 
drugih autora. Ukoliko se kombinuju sa dezinficijentnim 
rastvorima ultrazvuþni  þistaþi mogu imati i antimikrobno 
dejstvo, što može smanjiti rezidualnu kontaminaciju i 
obezbediti bezbednije rukovanje instrumentima i efikasniju 
sterilizaciju.
16  U ovoj studiji bolji rezultati su postignuti sa 
prethodnim natapanjem instrumenata i ultrazvuþnim 
þišüenjem od 15 minuta.  
Produženo vreme u ultrazvuku bi imalo za rezultat 
ponovno deponovanje neþistoüa na površinu instrumenata, 
što se takoÿe javlja ukoliko se instrumenti nakon tretiranja 
ultrazvuþnim talasima ne uklone odmah, veü ostave u 
mirnom rastvoru deterdženta. 
Lower %MBC values for instruments   
decontaminated using a synthetic sponge soaked in 
chlor hexidine suggested that all surfaces were 
reached with the sponge during cleansing. The use 
of sponge is safer, as the operator does not come in 
direct   contact with sharp parts of the instrument. 
Its purpose is not just to clean but also to keep 
instruments wet which is required for efficient 
cleansing so the use of the sponge soaked in chlor 
hexidine provides a satisfactory level of initial     
cleansing.
3,5,9,10
The results of chemical treatment in NaOCl 
and the enzyme cleanser did not reveal significant 
differences in the effectiveness of the removal of 
residual biological debris. In defining the final 
decontamination protocol, the enzyme detergent 
was given priority. Recently, these have been 
recommended for cleansing medical instruments 
since enzymes and tissue solvents help remove 
proteins, lipids and carbohydrates from instrument 
surfaces.
11 They also contain corrosion inhibitors 
and therefore, have an advantage over NaOCl.
3,10,12 
NaOCl is corrosive for many metals and             
removes selectively nickel from NiTi alloys. If it is 
used as disinfectant for cleansing endodontic NiTi 
instruments, it may result in micro-point   
corrosion. Busslinger et al.
13 detected the release of 
titanium when NiTi files were immersed in NaOCl 
solution for 30 or 60 min. Haikel et al.
14 reported 
no effect on NiTi files after the NaOCl treatment 
for 12 or 48 h. On the other hand, Stokes et al.
15
described point-like corrosion on instrument   
surfaces after 1h of immersion in 5.25% NaOCl. 
The level of corrosion was low, but varied for 
different types of instruments and different   
manufacturers.  
Ultrasonic cleansing in water and   
disinfectant revealed significantly better cleansing 
for ultrasonic-disinfectant combination. The   
present study has shown that the use of ultrasonic 
is an important step in instrument cleansing and 
this is in agreement with other authors. If com-
bined with disinfectants, ultrasonic cleansers may 
have an antimicrobial effect which may reduce 
residual contamination and enhance safer handling 
of instruments and more efficient sterilisation.
16 In 
the present study, better results were achieved with 
initial immersion of instruments and ultrasonic 
cleansing for 15 min. 
Longer time in ultrasonic may result in the          
retention of impurities on instrument surfaces and 
this may also be the case when instruments are not 
removed from the ultrasonic bath immediately after 
cleansing but stay in the still detergent solution. Serbian Dental J, 2008, 55    97
Zbog toga je od izuzetne važnosti ispiranje 
instrumenata posle tretmana radi otklanjanja rezidualnog 
kontaminiranog rastvora.
17,18
Ovi rezultati su pokazali da upotreba samog 
ultrazvuka, bez prethodne pripreme instrumenata nije dala u 
potpunosti  þiste površine. Sliþne rezultate su dobili 
Linsuwanont i saradnici.
5 Njihova studija je pokazala da 
kombinovana upotreba 1% NaOCl i ultrazvuþnog þišüenja 
ne može u potpunosti ukloniti organski materijal sa 
instrumenata bez prethodnog uklanjanja velike koliþine 
debrisa þetkanjem. Ovi rezultati pokazuju da su postupci u 
protokolu  þišüenja kljuþni faktor i naglašavaju važnost 
mehaniþkog uklanjanja debrisa pre hemijske i ultrazvuþne 
dekontaminacije.  
Iz tog razloga je razvijen protokol koji je predstavljao 
kombinaciju najefikasnijih metoda iz prethodne tri grupe - 
mehaniþkog, hemijskog i ultrazvuþnog þišüenja. Sastojao se 
iz mehaniþkog  þišüenja sunÿerom natopljenim 
hlorheksidinom, natapanja u enzimski þistaþ i ultrazvuþnog 
þišüenja u rastvoru deterdženta. Poreÿenjem rezultata 
protokola u odnosu na svaku pojedinaþnu metodu, dokazano 
je da postoji znaþajna razlika u efikasnosti þišüenja. Jedino je 
primena protokola kao rezultat imala instrumente potpuno 
þistih površina.  
Protokol predstavljen u ovom istraživanju se više 
oslanja na hemijska sredstva i opremu nego na ljudski napor 
u cilju dobijanja zadovoljavajuüih rezultata þišüenja 
endodontskih instrumenata. Poþetno  þišüenje sunÿerom 
natopljnim u hlorheksidin je jednostavno i može se brzo 
obaviti. Hemijsko natapanje i ultrazvuþno  þišüenje su dve 
vrlo važne faze i moraju se izvršiti uzastopno. Ovakav 
protokol je vrlo jednostavan i lako se može usvojiti i 
primenjivati kako u privatnoj praksi tako i u 
institucionalnom okruženju. 
Zakljuþak 
x Najefikasniji protokol dekontaminacije endodontskih 
instrumenata se sastoji iz mehaniþkog þišüenja u sunÿeru 
natopljenim hlorheksidinom, hemijskog natapanja u 
enzimski þistaþ i ultrazvuþnog þišüenja u dezinficijensu. 
x Metoda ultrazvuþnog  þišüenja biološkog debrisa sa 
endodontskih instrumenata u dezinficijensu je bila znaþajno 
efikasnija u odnosu na ultrazvuþno þišüenje u vodi.   
x Metode hemijskog natapanja endodontskih instrumenata 
u natrijum hipohlorit i enzimski þistaþ su pokazale sliþnu 
efikasnost, ali natrijum hipohlorit može ispoljiti 
korozivno dejstvo na metalnu površinu instrumenata. 
x Metoda mehaniþkog þišüenja endodontskih instrumenata 
pomoüu sunÿera natopljenim hlorheksidinom je 
pokazala znaþajno veüu efikasnost od mehaniþkog 
þišüenja  þetkom u vlažnoj sredini. Pojedinaþne 
mehaniþke, hemijske ili ultrazvuþne metode 
dekontaminacije endodontskih instrumenata nisu 
dovoljno efikasne za uklanjanje biološkog debrisa. 
Therefore,  it  is  of  great  importance  to  rinse       
instruments after the treatment to remove the residual 
contaminated solution.
17,18 
  The present results have shown that the use of 
ultrasonic  alone,  without  prior  preparation  of            
instruments did not achieve completely clean surfaces. 
Similar results were reported by Linsuwanont et al.
5
Their study showed that the combined use of 1% NaOCl 
and ultrasonic could not remove completely organic 
material from the instruments without prior removal of a 
large amount of debris by brushing. These results prove 
that cleansing protocol is a key factor and emphasize the 
importance of the mechanical removal of debris prior to 
chemical and ultrasonic decontamination.   
  For this reason, we defined the protocol as the 
combination of the most efficient methods from the   
previous three groups – mechanical, chemical and   
ultrasonic cleansing. It comprised mechanical cleansing 
with a sponge soaked in chlor hexidine, immersion in 
the enzyme cleanser and ultrasonic cleansing in   
disinfectant. Comparison of the results with previous 
individual methods revealed significant differences in 
cleansing effectiveness. Only the use of the protocol 
resulted in completely clean instrument surfaces.  
  The protocol presented in this study relies on 
chemical agents and equipment rather than on human 
effort  to  achieve  satisfactory  results  in  cleansing       
endodontic instruments. Initial sponge cleansing is easy 
and can be done quickly. Chemical immersion and   
ultrasonic cleansing are two very important steps and 
must be conducted consecutively. Such a protocol is very 
simple and easy to adopt and apply in both private     
practice and institutional environment.  
Conclusion 
x The most efficient protocol for decontamination of 
endodontic instruments consists of mechanical       
cleansing with a sponge soaked in chlor hexidine, 
chemical  immersion  in  the  enzyme  cleanser  and       
ultrasonic cleansing in disinfectant. 
x The ultrasonic method of biological decontamination 
of endodontic instruments in disinfectant was signifi-
cantly more effective than in water. 
x Chemical immersion of endodontic instruments in 
NaOCl and the enzyme cleanser showed comparable 
effectiveness, but NaOCl may have a corrosive effect 
on metal surfaces.  
x Mechanical cleansing using a sponge soaked in chlor 
hexidine showed significantly better effectiveness than 
mechanical brushing in wet conditions.   
Individual mechanical, chemical or ultrasonic 
methods of decontamination of endodontic instruments 
were insufficient for the removal of biological debris.  98        Stom Glas S, vol. 55, 2008 
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